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It has been shown that a rotating BH immersed in a test background magnetic field, of initial strength B0 and
aligned parallel to the BH rotation axis, generates an induced electric field, that is proportional to the magnetic
field. In this system, an huge number of pairs can be emitted by vacuum polarization process and start to be
accelerated to high energies, mean this electric field, emitting synchrotron photons. In this paper we study the
screening effect of magnetic and electric field due to the magnetic pair production process (hereafter MPP)
(γ + B → e+ + e−) made by the created pairs. The principal results of this study are that: these combined
processes of synchrotron emission by accelerated electrons and MPP can decrease magnetic field of several
order of magnitude on a small time scale; exist a lower limit for the magnetic field after that it cannot be
screened anymore.
I. INTRODUCTION
The process of screening of a strong electric field mean the
creation of electron-positron pairs throw QED particles show-
ers, it has been studied for many years. One of the last studies
about this argument was presented in ([3]), where they shown
that an electric field as high as E ∼ α f Ec, where α f is the fine
structure constant and Ec = m2ec
3/e~ the critical field, can-
not be maintained because the creation of particles showers
deplete the field.
Until now, no arguments came out about the screening of a
magnetic field. In this paper we study the process of screen-
ing of a magnetic field, limiting our study to the case of a Kerr
Black Hole. The aim is to show that the presence of electrons
(at the beginning or created mean the magnetic pair produc-
tion process) and the consequent emission of synchrotron ra-
diation, which will bring to a particles shower, can decrease
the magnetic field even of a few order of magnitude. Our ap-
proach is based on the following relation between the already
existing background magnetic field and the induced electric
field:
E(t) = B(t)
J
2M2
c2
G
= B(t)
J¯
2M¯2
c (1)
1(see [4]). The proportionality factor JM2 represent the spin of
the black hole (in SI units)2 and the barred quantities are in
geometric units.
Because of the relation in eq. (1), correspondingly to the
screening of the magnetic field, the screening of the electric
1 The orientation of this magnetic field is along the z−axis (Bx = By = 0).
2 All the quantities in this paper are in SI units. Different units are explicitly
indicated.
field happens simultaneously. The two screening effects are
correlated, but based on two different mechanisms. The B(t)
screening it is dues to the creation of an induced magnetic
field (with orientation opposite to the background one) by the
accelerated electrons. The E(t) screening it is dues to the cre-
ation itself of these electrons, mean electromagnetic showers,
which deplete the electric field.
We will show that, for our particular case related to a BH,
the lowest value of a magnetic field that can be attained is
proportional to α f and in inverse proportion to the spin of the
BH, hereafter, η ≡ J¯M¯2 . This conclusion corroborated the re-
sult that, in presence also of one initial pair, an electric field
with strength as high as ∼ α f Ec cannot be maintained due to
the depletion caused by creation of electromagnetic showers.
Our study can be extended not only to BH but also to others
extreme astrophysical systems as neutron stars or magnetars,
where strong magnetic field and particles showers are two im-
portant component of the system.
II. MAIN EQUATIONS
The screening process of an electromagnetic field it proceed
mean a few steps:
1. initial electrons are accelerated by the electric field and
emit synchrotron radiation due to the presence of the
magnetic field;
2. each of these synchrotron photons create a pair via MPP
process;
3. these new pairs start to be accelerated, emit synchrotron
radiation and circularize around the magnetic field lines
generating an induced magnetic field, Bind, oriented in
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2the opposite direction respect to the electron motion.
This Bind decreases the background magnetic field;
4. the previous processes occurs at every time t and, then,
a particles shower develops, mean these processes.
This series of steps will end when the magnetic field decrease
too much that the MPP process will not occur.
Now we derive all the equations that describe the steps of
the entire process. The dynamic of an electron immersed in
an electromagnetic field, under the approximation of γ  1
(valid for our high energy regime), is given by
meVe c
2 dγe
dt
(t, α) = eE (t, α) cA−2
3
µ0
6pi
e4c sin(α)2Aγ2e (t, α) B
2 (t, α)
m2e
,
(2)
where A = 6.24× 1018 is the transformation constant between
Joule to eV and µ0 the vacuum permeability constant. The
first term on the right side in eq. (2) corresponds to the energy
gain by each electron due the electric field, while the second
term represent the energy lost by synchrotron emission (see,
for example, [5])
Psynch,e(t, α) ≡ dEsynch,edt =
2
3
µ0
6pi
e4c sin(α)2A
m2e
γ2e (t, α) B
2 (t, α) ,
(3)
where α is the “pitch angle” between the electrons (and then
the electric field) and the magnetic field. Since we are in the
relativistic regime, the synchrotron photons are beamed along
the direction of motion of the electrons. Then we can eas-
ily assume that α is also the angle between the emitted syn-
chrotron photons and the magnetic field.
As we can guess, by the synchrotron and the MPP mechanism,
a particles shower can develops. The evolution of the number
of synchrotron photons with time can be written as
dNγ
dt
(t, α) = N±(t, α)
Psynch,e(t, α)
εeγ(t, α)
, (4)
where
εeγ(t, α) = (0.29)
3
4pi
ehA
me
γ2e (t, α)B(t, α) sin(α)
= Deγ2e (t, α)B(t, α) sin(α)
(5)
is the peak energy of synchrotron photons and N± is the num-
ber of created pairs by MPP process. The number of pairs are
strictly related to the number of photons. Then the equation
for the evolution of the number of created pairs N± can be
written as
dN±
dt
(t, α) = Nγ (t, α) RA (t, α) c. (6)
In eq.(6) the term ReA is the attenuation coefficient (see [2])
defined as
RA(t, α) = (0.23)
α f
n
B (t, α)
Bcr
sin(α) exp
− 43χ (εγ, B)
 , (7)
where α f is the fine structure constant and n = λ2pi =
~
2pimec
is
the reduced Compton wavelength. The attenuation coefficient
gives us the scale where the MPP process becomes important
and it has the dimension of cm−1. Then R−1A represent the pho-
ton mean free path for magnetic pair production. Another im-
portant quantity that measure the strength of the MPP process
is the parameter χe, defined as χe(t, α) =
εγ
2meVe c2
sin(α) B(t,α)Bcr
3.
At this point, in order to complete the set of our equations,
we need another differential equation that describe the evolu-
tion with time of the magnetic field. We can derive it starting
to consider the current created by the accelerated electrons
I = ev⊥nλ, where nλ is the linear number density of pairs
(#/cm) and v⊥ the perpendicular velocity of the electrons (re-
spect to the magnetic field). v⊥ is the most important variable
of this work, because is the perpendicular velocity that allows
the particles to circularize around the magnetic field lines and
produce an induced magnetic field. The pair linear number
density can be calculated from the definition of the total num-
ber of the created pairs
N± =
∫
nλdl =⇒ nλ(t) = dN±dl =
dN±
cdt
. (8)
The electrons move around orbits of radius given by the Lar-
mor radius RL(t, α) =
p⊥(t,α)
eB(t,α) =
γe(t,α)mecβ⊥(t,α)
eB(t,α) =
γe(t,α)mec sin(α)
eB(t,α)
4.
Then the induced magnetic field can be calculated as:
~Bind(t, α) =
µ0I
2RL(t, α)
zˆ =
µ0e2
2mec
B(t, α)
γe(t, α)
dN±(t, α)
dt
. (9)
Here we have considered that the Larmor’s radius evolves
with time not only because of γe(t, α), but also thanks to
B(t, α). This is because the motion of the pairs creates this
induced magnetic field and, consequently, their motion is per-
turbed by this effect.
Then the total magnetic field B(t, α) = B0−Bind(t, α) becomes
B(t, α) =
B0[
1 + µ0e
2
2mec
1
γe(t,α)
dN±(t,α)
dt
] . (10)
We need to solve at the same time the system of equations
composed by eqs.(2) (3) (4) (6). Because every equation
of this system depends on the evolution of the magnetic
field, we need to study the evolution with time of B(t, α)
and, then, to write a differential equation for it dB(t,α)dt =
d
dt (B0 − Bind(t, α)) = − dBind(t,α)dt , where B0 is the initial back-
ground magnetic field. We derive the complete formula for
the evolution of the magnetic field in the next section.
III. NORMALIZATION
In order to integrate our system of equations, it is better
to work with normalized quantities. We introduce two useful
3 The sin(α) here consider the inclination between the photon vector and the
magnetic field.
4 Where we assume β = 1 since we are working in the high energy regime.
3quantities: 1) the dimensionless time t˜ = t
τc
; 2) Bc a normal-
ization factor for the magnetic field. This normalization it has
been made only to delete all the constants in the equations and
does not have any physical meaning. Let’s start from eq. (2).
Introducing these two quantities in the equation and calling
B˜ = BBc , we get
1
B2cτc
dγe
dt˜
(
t˜τc, α
)
=
Ke
Bc
B˜
(
t˜τc, α
)−Z′eB˜2 (t˜τc, α) γ2e (t˜τc, α) sin2(α),
(11)
where Ke = ec
2A
meV c2
J¯
2M¯2 and Z
′
e =
2
3
µ0
6pi
e4cA
m2e meV c2
.
In complete generality, we can define γ˜e
(
t˜, α
) ≡ γe(t˜τc, α) and
B˜
′
(t˜, α) ≡ B˜(t˜τc, α) (we will make the same definition for the
others variables in the set of equations)
The two quantities τc and Bc are defined in such a way that:
τcBcKe = 1 =⇒ τc = 1BcKe =
Z
′
e
K2e
(12a)
Z
′
eτcB
2
c = 1 =⇒ Bc =
Ke
Z′e
. (12b)
Finally we can write
dγ˜e
dt˜
(t˜, α) = B˜
′
(t˜, α)
(
1 − B˜′ (t˜, α) sin2(α)γ˜2e (t˜, α)
)
. (13)
For the electrons synchrotron power, eq.(3), defining Ze as the
coefficients in front of (B(t, α), γe(t, α) sin(α))2 and operating
the same procedure as before, we get
dE˜synch,e(t˜, α)
dt˜
= meVe c
2B˜′
2
(t˜, α)˜γ2e (t˜, α) sin
2(α). (14)
Defining E˜′ synch,e(t˜, α) = E˜synch,e(t˜, α)/meVe c
2, we have
dE˜′ synch,e(t˜, α)
dt˜
= B˜′
2
(t˜, α)˜γ2e (t˜, α) sin
2(α). (15)
The equation for the number of created photons dNγdt can be
written as
dNγ
dt
(t, α) = N±(t, α)
Psynch
εeγ
= N±(t, α)
Ze sin2(α)B2γ2e
Deγ2e B sin(α)
=
Ze
De
B sin(α)N± × BcBc =
ZeBc
De
sin(α)B˜N±. (16)
Before to continue with the normalization of the equation for
the number of photons, we need to take into account the equa-
tion for the pairs. Before we rewrite firstly the χe parameter
as
χ˜e(t˜, α) ≡ χeGe = γ˜
2
e (t˜, α)B˜
′2(t˜, α) sin2(α), (17)
with Ge =
DeB2c
2meVe c23Bcr
, where Bcr is the critical magnetic field.
Now, defining S = (0.23)α f cn
Bc
Bcr
, we can write the attenuation
coefficient as
RAc = S B˜ sin(α) exp
[
− 4
3Geχ˜e
]
(18)
and then, defining R˜
′
A ≡ RAcS , we get
R˜
′
A = B˜
′
sin(α) exp
[
− 4
3Geχ˜e
]
. (19)
Then, we can write the equation for the pairs as
dN
′
±
dt˜
(t˜, α) = NγτcS R˜
′ (t˜, α). (20)
Defining N˜ ′± =
N
′
±
S τc
, we get
dN˜ ′±
dt˜
= NγR˜
′
A. (21)
Going back the the equation for the number of photons, we
can write it as
dN
′
γ
dt˜
=
ZeτcBc
S Deτc
sin(α)B˜′ (t˜, α)N˜ ′±
=
ZeBc
S De
sin(α)B˜′ (t˜, α)N˜ ′± = Fe sin(α)B˜
′ (t˜, α)N˜ ′± (22)
and then, defining N˜ ′γ ≡ N˜γFe =
Nγ
Fe
, we get finally
dN˜ ′γ
dt˜
= sin(α)B˜′ (t˜, α)N˜ ′±(t˜, α). (23)
Consequently, the equation for the number of pairs becomes
dN˜ ′±
dt˜
= FeN˜
′
γR˜
′
A. (24)
At this point we need to make the derivative of the magnetic
field. Dividing the by Bc the equation for the magnetic field
eq. (10), substituting eq. (21) and make the derivative, we have
dB˜′
dt˜
(t˜, α) = − d
dt˜
(
Ve
B˜′
γ˜e
dN˜ ′±
dt˜
)
, (25)
where we have defined Ve =
µ0e2S
2mec
. The derivative gives
dB˜′
dt˜
= −Ve
[(
dB˜′
dt˜
1
γ˜e
+ B˜′
dγ˜e
dt˜
1
γ˜2e
)
dN˜ ′±
dt˜
+
Fe
B˜′
γ˜e
dN˜ ′γdt˜ R˜′A + N˜ ′γ dR˜′Adt˜
 (26)
The derivative of R˜′A is
dR˜′A
dt˜
= sin(α) exp
[
− 4
3Geχ˜e
] (
dB˜′
dt˜
+
4
3Ge
B˜′
˙˜χe
χ˜2e
)
, (27)
while the derivative of χ˜e is
˙˜χe = 2γ˜eB˜
′ sin2(α)
(
˙˜γeB˜
′
+ γ˜e
˙˜
B
′
)
. (28)
Making all the derivative,in the end we get
dB˜′
dt˜
= −
Ve
γ˜e
[
B˜′
γ˜e
dγ˜e
dt˜
dN˜′ ±
dt˜ + Fe exp
[
− 43Geχ˜e
] (
B˜′
2
sin(α) dN˜
′
γ
dt˜ +
8
3Ge
N˜′ γ
sin(α)γ˜3e
dγ˜e
dt˜
)]
1 + Ve
γe
(
dN˜′ ±
dt˜ + FeN˜
′
γ exp
[
− 43Geχ˜e
] (
B˜′ sin(α) + 83Ge
1
γ˜2e B˜
′ sin(α)
))
(29)
The set of equations that we need to integrate at the same time
is composed by the eqs. (13), (15), (21), (24), (29). In the next
section we will show the results of this integration.
4IV. RESULTS
In this section we show the results of the integration of the
equations presented in the previous sections. The integrations
are made with different values of initial parameters: we se-
lect four pitch angles α = pi3 ,
pi
9 ,
pi
18 ,
pi
30 ; four initial magnetic
field B0 = 6.7Bcr, 0.1Bcr, 0.01Bcr, 2 × 1011 G; three initial
number of pairs N± = 1, 105, 1010−135 The initial value of
B0 = 2 × 1011 G has a particular meaning because it is the
lowest initial value for the magnetic field that can be screened.
For B0 < 2 × 1011 there is no screening effect since no pairs
are produced by the MPP process.
We are going to show the results for the four different B0,
varying the pitch angles and the initial number of pairs. In
Fig. (1) we show the electron Lorentz factor with the four val-
ues of B0, for α = pi3 ,
pi
18 and N±,0 = 1. Increasing the number
of pair does not change the shape of the curve of γe. As it is
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B0=0.01 Bcr
B0=2×1011
Figure 1. Electron Lorentz factor for B0 = 6.7Bcr, 0.1 Bcr, 0.01 Bcr
and B0 = 2 × 1011 G, for N±,0 = 1 and α = pi3 (solid lines), pi18 (dashed
lines).
clear from eq. (2) and Fig. (1), there is an asymptotic value of
γe that depends only by the pitch angle α. Varying the initial
magnetic field can change only the the dynamic of the elec-
trons. Indeed, for higher value of B0, the electrons gain en-
ergy more smoothly but constantly. Instead, for lower values
of B0 the growth toward the asymptotic value is more occurs
at longer time and it is more steep. This behaviour is strictly
correlated with the evolution of the magnetic field with time.
The latter is shown in Fig. (2), where the result for the mag-
netic field screening is presented for the same initial values of
B0, but for N±,0 = 1, 1010 and α = pi3 . We can see that, de-
creasing the initial value of the magnetic field, γe(t) reach the
balance at longer time and start to increase its value towards
the asymptotic one when the screening effect starts to operate
(namely B(t) decreases). From this figure we can see how the
5 The highest value of the initial number of pairs depends on of the others
initial parameters (α, B0) that we choose for the specific integration.
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Figure 2. The decrease of the magnetic field is shown for the four
selected B0, N±,0 = 1 (solid lines) and N±,0 = 1010 (dashed lines), for
α = pi3 .
magnetic field decrease change depending on the initial values
of the parameters. Indeed we notice that when N±,0 = 1 the
decreases is dues only to the MPP process and the circulariza-
tion of these pairs around the magnetic field lines. If one in-
creases the initial number of pairs, the magnetic field initially
decreases faster and, later, starts to decreases slower. This
characteristic derive from the fact that, for the second case, the
faster decreases of B(t) is made by the initial particles. When
the MPP process starts to an significant impact, B(t) start to
decrease slower. Another characteristic is that, independently
by the initial conditions, there is a common asymptotic value
that B(t) reaches at longer time. We will explain below how
to derive this asymptotic value and will show that it depends
only by the spin of the BH.
The number of synchrotron photons and the consequent num-
ber of pairs are shown in Fig. (3) and Fig. (4), respectively,
with the same values for the initial parameters as in Fig. (2).
Figs. (3) and (4) suggest us that not all the photons are con-
verted in a pair mean the MPP process. Moreover, since all the
equations of the model are coupled, also Nγ(t) and N±(t) reach
an asymptotic values independently of B0, N±,0 and α. Con-
sistently with the evolution of B(t), for different initial param-
eters, we note that both Nγ and N± start to increase at longer
times if we decrease B0 .
In Figs. (5), (6) and (7) are shown the same variables of
Figs. (2), (3), (4), respectively, for the same parameters but for
α = pi18 and, instead of N±,0 = 10
10, here we use N±,0 = 1013.
In Fig. (8), we show the electron synchrotron total energy
emitted by the accelerated electrons, for the four values of the
magnetic field selected above, for N±,0 = 1 (increasing the
number of particles does not change the shape of the curves),
for α = pi3 (solid lines) and α =
pi
18 (dashed lines). As we
noticed above, there is a common asymptotic value of the
magnetic field, that does not depends on the initial number
of pairs, the pitch angle and the initial magnetic field. As
we can see, at longer times, all the curves tend to coincide
to a common value. Then, this value is general and can be
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Figure 3. Number of synchrotron photons for the same parameter of
Fig. (2).
100
102
104
106
108
1010
1012
1014
1016
1018
10-20 10-18 10-16 10-14 10-12 10-10
N ±
(t)
t, (s)
B0=6.7Bcr
B0=0.1Bcr
B0=0.01Bcr
B0=2×1011
Figure 4. Number of pairs created by MPP process, for the same
initial parameters as in Fig. (2).
derived considering eq. (18) for the attenuation factor. At
longer times, the magnetic pair production is less efficient
because the photons have less probability to interact with a
small magnetic field (after the reduction). This implies that
RA → 0 =⇒ R−1A −→ ∞. This condition occurs when the ex-
ponential factor in eq. (18) tends to 0 =⇒ χe  1. From this
condition we get
B2  8pi
3(0.29)
memeVe c
2Bcr
ehA
1
γ2e sin
2(α)
. (30)
Since we are looking to the asymptotic value of the variables,
we need to derive the one for the γe. This can be get requir-
ing the balance between the energy gain and the energy loss
in eq. (2). Indeed, at longer time, dγedt → 0 and, then, the
asymptotic value for γe is given by
γe,asympt =
√
ξ(η)
B sin2(α)
, (31)
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Figure 5. The decrease of the magnetic field is shown for the four
selected B0, N±,0 = 1 (solid lines) and N±,0 = 1013 (dashed lines), for
α = pi18 .
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Figure 6. Number of synchrotron photons for the same parameter of
Fig. (5).
where ξ(η) = 9pi2
cm2c
µ0e3
η, with η = J¯M¯2 is the spin of the BH.
Inserting eq. (31) in eq. (30), we get an upper limit to the
asymptotic magnetic field:
B B∗ ≡ 16
27(0.29)
meVe c
2Bcrµ0e2
hAcme
1
η
= 4.088
α f Bcr
η
G, (32)
where we used the definition of µ0 = 1/(ε0c2) and α f =
e2/(4piε0~c). The real asymptotic value of the magnetic field
Basympt, derived from the simulations, at fixed values of the
BH spin, for the four chosen pitch angles, are tabulated in
Tab. I. We see that, for a fixed value of the spin, the asymp-
totic magnetic field enhances increasing the pitch angle and,
changing the spin with fixed pitch angle, it enhances decreas-
ing the spin. This behaviour is consistent with eq. (30). From
the results of the simulations exposed in Tab-I, we notice that
between B∗ and Basympt there is a proportionality relation with
a coefficient that varies between 41 and 47, which decreases if
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Figure 7. Number of pairs created by MPP process, for the same
initial parameters as in Fig. (5).
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Figure 8. Total synchrotron energy emitted by the accelerated elec-
trons, for the four selected values of B0, N±,0 = 1, α = pi3 (solid lines)
and α = pi18 (dashed lines).
one increases the spin of the BH. This relation can be derived
from eq. (31) if one derives Basympt as a function of γasympt and
where the value of the latter is taken from the simulations. The
ratio between B∗ and this Basympt results:
B∗
Basympt
= Θα f Bcr
(
γeasympt sin(α)
η
)2
, (33)
where Θ = 64243(0.29)pi
µ0e3meVe c
2
Am3e c3
. The coefficient above is the
rightside of eq. (33).
We should note that notwithstanding the plots of the elec-
tron Lorentz factor γe seems to suggest us that, after a time
interval when γe = const due to the balance between the en-
ergy gain and loss in eq. (2), there is an increase of the energy
gain since the γe increases, this is not true because at each
point of this grow the electron Lorentz factor is the asymp-
totic one given by eq. (31). Indeed, from these results, we can
see that γe starts to increase when the magnetic field starts to
η = 0.7 η = 0.46 η = 0.23
pi
3 4.23 6.27 12
pi
9 4.36 6.45 12.4
pi
18 4.12 6.58 12.6
pi
30 4.54 6.7 12.8
Table I. Asymptotic values of the magnetic field (in units of 1010 G)
for BH spin η ≡ J¯M¯2 = 0.7, 0.46, 0.23, for four pitch angles α =
pi
3 ,
pi
9 ,
pi
18 ,
pi
30 .The values of the spin are indicative only. I putted
this values only to show how Basympt change. Obviously can be
changed.
decrease. Then, the Lorentz factor increases in order to main-
tain the energy balance.
A. Screening time scale
Here we derive an useful formula for the screening time
scale tscreen, namely the time scale when the magnetic field
screening occurs. The screening time scale is defined as
tscreen =
∣∣∣∣∣ BdB
dt
∣∣∣∣∣. In order to derive it, we require that, for t → ∞,
tscreen → ∞. Under this limit dγ˜edt˜ → 0. Then, mean the defini-
tion of tscreen and eq. (29), we get
t˜screen =
 2B˜′ sin(α) + 83Ge 1γ˜2e B˜′3 sin3(α)
 N˜ ′γN˜ ′± (34)
This expresion approximates well the behaviour of the screen-
ing process evolution. In Fig. (9) tscreen is plotted as a function
of B for the four selected pitch angles (with N±,0 = 1), while
in Fig. (10) we show tscreen as function of time for the four
selected B0 (with alpha = pi3 and N±,0 = 1). As one can
10-22
10-20
10-18
10-16
10-14
10-12
10-10
10-8
10-6
1011 1012 1013 1014
t sc
re
en
, (
s)
B, (Gauss)
α=π/3α=π/9α=π/18α=π/30
Figure 9. tscren as a function of the magnetic field, for the four se-
lected pitch angles (as before) and with N±,0 = 1.
see from Fig. (9), when the magnetic field descreases tscreen
tends to diverge (indipendently by the pitch angle), as we ex-
pected. Instead from Fig. (10), we can see that, depending on
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Figure 10. tscreen as a function of time, for the four selected initial
magnetic field B0 at a fixed pitch angle α = pi3 and N±,0 = 1.
the different B0, the screening starts to act at different times (at
short time for high B0; at longer time for low B0). This is in
good agreement with the results exposed in Fig. (5). By these
considerations, we deduce that the formula for tscreen that we
derived in eq. (34), even if it is an approximated one, it fits
well the dynamic of the process at each time.
V. SUMMARY AND DISCUSSION
In this paper we have studied to screening effect of an elec-
tromagnetic field near a Kerr BH dues to an huge number
of e+e− pairs emerging from the MPP process between syn-
chrotron photons, emitted by accelerated electron, and a back-
ground magnetic field B0. We write down the equations that:
1) govern the dynamic of the accelerated electrons in this sys-
tem; 2) the particles shower ruled by the MPP process and the
synchrotron emission by the initial and the new created elec-
trons; 3) the screening effect of the magnetic and electric field.
We made simulations varying the values of the initial param-
eters: magnetic field B0, number of pairs N±,0, pitch angle α
and the spin η of the BH. The principal results that we got
from these simulations can be resumed as follow:
1. the results does not depend much on N±,0. The only ef-
fect that we get enhancing the initial number of pairs
consist to the fact that the magnetic field start to de-
crease faster at the beginning (where the screening work
is done by the initial number of pairs) and, conse-
quently, decreases smoothly (where the screening work
is done by the new created pairs plus the initial one);
2. varying the pitch angle affects only the asymptotic value
of the electron Lorentz factor: the smaller is the pitch
angle the higher is γeasympt;
3. the decrease of the magnetic field occurs at longer time
if one decreases the B0 or α. The first characteristic can
be understood if we take into account the cross-section
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Figure 11. MPP cross-section as a function of B, for some fixed pitch
angles.
for the MPP process σMPP(see [1]). Indeed, if one de-
creases the magnetic field, the cross-section decreases
too. Then, the probability of interaction between pho-
tons and magnetic field is low. This problem is easily
solved if one enhances the number of photons. We can
appreciate this behaviour looking at Fig. (3), or (6),
in correlation with Fig. (4), or (7). Indeed, we can see
that only when the number of photons starts to become
huge, the MPP process starts to act (with the consequent
decrease of B(t)). In Fig. (11) is shown σMPP as a func-
tion of B, for the four selected pitch angles6.
The second characteristic can be understood easily
since, if we decrease the pitch angle, the particles have
smaller tangential velocity, that is the component that
produce the screening effect;
4. there is a common value for the magnetic field that is
reached at longer time, independently by B0, N±,0 and
α. This value depends only by the spin of the BH (see
eq. (32)).
5. there is a common value also for the other variables, in-
dependently by the initial parameters. The only asymp-
totic value that depends on the pitch angles is the
Lorentz factor.
From these results we deduce that the screening effect can
have a strong impact in the reduction of an electromagnetic
field (strong or weak) for astrophysical systems as BH or NS.
6 In order to get this σMPP(B), we needed to integrate the equation for the
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differential cross-section dσMPPdB fixing the value of the synchrotron photon
energy (given by eq. (5)), which depends only by the pitch angles, since
(as we explained in the derivation of eq. (31)) when B(t) decreases, γe
increases in order to maintain the energy balance. This means that the
synchrotron photons have a constant energy in time.
